An inherited disease, which histologically resembles the lipid-storage diseases in man, has arisen spontaneously in the CBA mice of the Radiobiological Research Unit.
The affected animals cannot be recognized until they are at least 3 months old, and do not live long after the disease has developed. It is difficult to maintain a breeding stock and consequently genetic studies have been limited. The chemical aspects have also proved difficult to elucidate, but, as the disease is unusual and bears a resemblance to a poorly understood group of human diseases, it has been thought worth while to put on record the results which have been obtained.
Description of the Disease
Affected animals became noticeably thin when 10-I4 weeks old. The abdomen lost its normally slightly rounded contour, and loose folds of skin appeared on the flanks. The animals continued to lose weight, became hunched, and their activity decreased. Respiratory movements became unduly obvious and many of the mice made a clicking sound during respiration. Death occurred within a few weeks and none of the animals lived to 6 months.
Post-mortem Appearances (Fig. i) . In all the affected animals the thymus and Peyer's patches were abnormal. The thymus was uniformly enlarged, and instead of its normal greyish, semitranslucent appearance it was opaque and white. The Peyer's patches were very enlarged and were obviously infiltrated with the same opaque, white material as the thymus. Most of the increase in size was immediately beneath the peritoneum and there was no evidence of the intestinal lumen being encroached upon. In a few instances the Occasionally the superficial cervical nodes were involved but no other groups of lymph nodes were affected on naked-eye examination. The loose connective tissue of the mediastinum and of the abdomen was fairly frequently affected. Occasionally deposits were found on the peritoneal surfaces of the spleen and liver, but neither organ was enlarged. The uterus was occasionally infiltrated and deposits in the muscles of the scapula were sometimes seen. Only very occasionally was there naked-eye evidence of deposits in the lungs, but lung abscesses were a common complication leading to the death of the animal. it was usually confined to the periphery of the lobule (Fig. 3) .
PEYER'S PATCHES. In the early stages foam-cells similar to those seen in the thymus were concentrated in a narrow zone immediately beneath the muscle layers and frequently the adjacent lymphocytes were degenerating (Fig. 4) When formalin-fixed material was stained with Sudan Black or Oil Red 0 the affected cells were only weakly stained, but after fixation in formolcalcium and post-chromation they were strongly positive with both stains. The affected tissues, usually thymus and Peyer's patches, were, therefore, subjected to further stains for lipids. Unless otherwise stated, those methods recommended by Pearse (I960) were used.
Baker's acid haematein method for phospholipids was positive, the dark-blue staining material appearing as fine granules in the affected cells. The degree of staining varied, some cells were packed with positive granules but in others of similar size and appearance they were much less numerous. After Baker's pyridine extraction the cells were uniformly negative and had the foamy appearance of cells that had been paraffin embedded. Okamoto's mercury diphenylcarbazone method, Menschik's Nile blue method for phospholipids, the copper phthalocyanin method, and Rawitz inversion staining (Przetecka, 1959) were also used and showed a phospholipid distribution similar to that seen with Baker's acid haematein.
Cholesterol and its esters were tested for using Schultz's method with and without digitonin treatment, Okamoto's method, the bismuth trichloride method, and Adams' (I96I) method, all of which gave negative results.
The plasmal reaction, using both Cain's and Hayes' methods, was positive. Nile blue staining for neutral and acidic lipids was weakly positive and Feyrter's method for acidic lipids was negative. The long Ziehl-Neelsen for acid-fast lipofuscins, Fischler's method for fatty acids, and the performic acid-Schiff method, and U-V Schiff method for lipids containing unsaturated bonds were all negative. No silvery white secondary fluorescence was obtained after Phosphine 3R staining. Staining for soaps with haematoxylin (Gurr, 1958) (Chargaff, Levine, and Green, 1948) .
Cholesterol was measured by the method of Bloor (I9I6).
RESULTS. The total phospholipids in the thymus tissue from diseased and normal mice were the same (Table I ). There was, however, a difference in the distribution of phospholipid classes. The diseased tissue contained an additional component not found in normal thymus. This component, though not conclusively identified, had the chrom- atographic and staining properties of lysolecithin (Table II) .
The diseased tissue had an abnormally high content of cholesterol (free plus esterified) ( Table I Table III the results from these crosses (Nos. 3 and 6) are shown separately from those that did give affected offspring. In addition, there were other crosses (Nos. 4 and 7) which produced very small numbers of young (less than 7 young per mating in cross 4, and less than ii in cross 7), so that it was not certain whether the unaffected parent was heterozygous or homozygous normal. The Table shows that the results from the segregating matings (crosses 2 and 5) were in good agreement with the expected I:I and 3:i ratios. For cross 2 X2 was 0-37 for i degree of freedom (p > o 5o) and for cross 5 it was i-86 (p > otIo). The data will have been slightly biased in favour of affected animals by the exclusion of the pairs in crosses 4 and 7, since in some at least of these pairs the normal parent will have been a heterozygote which by chance produced no affected offspring. Even if all the progeny of crosses 4 and 7 are included with those of 2 and 5, however, the figures would still show no significant deviation from the expected ratios. The single unexpected fact in the data of Table III Further support was obtained from tests of the genotypes of the normal offspring. Normals from normal x affected matings should all be heterozygotes and throw affected offspring, whereas some normals from normal x normal matings should be homozygous wild-type. Forty-six normal offspring of normal x affected parents produced enough young to establish their genotype, and all proved themselves heterozygous (Table IV) . On the other hand, of the normals from presumed + fm x + fm matings, 2 out of IO gave no affected progeny when paired with affected mates, and I4 out of 25 behaved similarly when paired with normal mates. In this latter case, one of the normal animals of the pair could have been heterozygous, and therefore these I4 animals are shown in Table IV (Table VI) , including 3 pairs of affected x affected, which produced 9 affected and no normal young, and a mating of normal x normaJ, one of whose normal offspring proved to be homozygous for the wild-type allele. The existence of this normal descendant proves that the anomalous normal ancestor must have carried the wild-type allele of the gene, and the progeny of the affected descendants show that the penetrance of the gene was high. Thus, of the three anomalous animals, one was certainly and another probably heterozygous, and no animal was shown to be a non-manifesting homozygote.
There are various possible ways of explaining how heterozygous offspring could be derived from supposedly homozygous recessive parents.
(i) One of the supposed homozygous parents could in fact have been heterozygous and either wrongly classified as affected or was the result of rare heterozygous expression of the gene. This explanation is possible but unlikely, as the propor- tion of affected offspring thrown by these parents was higher than would be expected from heterozygotes.
(2) There could have been clerical error in ascribing the three normal animals to the wrong parents. This again seems unlikely, as the frequency of errors would have to be deplorably high, and such a bad record of mistakes is not found in other stocks in this laboratory. However, this possibility cannot be ruled out.
(3) Back-mutation of the mutant to the normal allele could have occurred. This would imply a remarkably high rate of back-mutation and hence that the mutant allele was unstable. As the possibility of error cannot be ruled out, mutation cannot be proved.
It is not possible to decide which of these three explanations is the correct one, but it is clear that the three anomalous animals do not rule out the hypothesis of a single autosomal recessive gene.
The penetrance of the postulated gene fm is high in the CBA/H stock, but no crosses to other stocks have been made, nor any linkage tests other than that for sex-linkage.
Discussion
The pathological and histochemical findings indicate that this foam-cell reticulosis, which has been observed in an inbred strain of mice, can be classified as a lipid-storage disease. The lymphoid tissue of the thymus and Peyer's patches is replaced by cells which store lipoid material in their foamy cytoplasm. Other tissues may also be affected but rarely to the same extent. The disease is not neoplastic.
In spite of the chemical investigations and numerous histochemical tests, it is impossible to be dogmatic about the nature of the stored lipid in this disease. In some ways the chemistry and histochemistry appear to be contradictory. Histochemically the foam-cells contained phospholipid. Genetically, too, the mouse disease resembles Gaucher's and Niemann-Pick diseases in man. In both of these, and also in Tay-Sachs disease, the majority of cases show an autosomal recessive mode of inheritance, like that found for foam-cell reticulosis in this paper, whereas Hand-SchiillerChristian disease is not inherited (Herndon, 1954) .
Recent evidence, however, suggests that all three of the inherited human diseases may be genetically heterogeneous. In Gaucher's disease, though most pedigrees show recessive inheritance, there are some in which an autosomal dominant gene seems responsible (Fredrickson and Hofmann, I960; Hsia, Naylor, and Bigler, 1959) . In Niemann-Pick disease, on the other hand, the heterogeneity concerns the time of onset. Typically the disease is one of infancy and is usually detected in the first year of life, but a few cases have been detected in adults, the first well-estabJished instance being that of Pfandler (I953), who described two brothers who died of the disease at ages 29 and 33. Two surviving brothers of these cases had marked hepatosplenomegaly, and Pfandler considered that this family carried a genetically distinct adult form of the disease. Similarly, amaurotic idiocy, of which Tay-Sachs disease is the infantile form, is known also in juvenile and adult forms, which occur in separate pedigrees and are therefore considered to be genetically distinct (Herndon, I954; Fredrickson, 1960 
